Cotton is grown worldwide for the production of fiber and an important oil seed crop. Genetic diversity and correlation between varieties are of great importance for cotton breeding. To find out polymorphism and genome changeability, DNA markers are most comprehensively used. The current work was conducted to study the genetic relatedness among 20 cotton genotypes using simple sequence repeats markers using 31 simple sequence repeats (SSRs) belonging to BNL series. These 31 DNA markers amplified fragments of 80 to 340 bp in size through SSR profiling. Seven markers out of 31 were found to be polymorphic. A total of 41 loci were amplified out of these, 17 loci were informative showing 41% polymorphism. On average, 1.3 loci per primer were amplified. A dendrogram was constructed using pair group method of arithmetic means (UPGMA) method comprising eight main groups that is, A, B, C, D, E, F, G and H. Genotypes MNH-147 and GOHAR-87 emerged as genetically most similar with a value of 97% followed by 97% similarity between the genotypes CIM-443 and FVH-53. The genotypes CIM-1100 and BH-136 were found most divergent showing 58% genetic similarity. Dissimilarity coefficient of the generated information obtained on genetic relatedness would be supportive in further breeding of cotton, the selection of parents for crossing and will also be helpful in widening the genetic base of breeding materials.
INTRODUCTION
The cotton genus (Gossypium) have almost 50 species, disseminated in arid to semi-arid regions of the tropic and subtropics (Wendel and Cronn, 2003; Rahman et al., 2012) . Cotton is a vital source of seed oil and protein meal. Cotton (Gossypium spp.), a major cash crop in the world, is a foremost natural fiber and is cultivated in more than 50 countries. China, India, USA, Pakistan and Uzbekistan are the foremost cotton growing countries of the world (Khadi et al., 2010; Rahman et al., 2012) . Cotton uniqueness is evident as the four separate species were cultivated autonomously (Brubaker et al., 1999) for the particular single-celled trichomes, or fibers, that occur on the epidermis of the seeds. This process implicated four species, two from Africa-Asia, namely Gossypium arboretum and Gossypium herbaceum and two from Americas, Gossypium hirsutum and Gossypium barbadense, (Wendel and Cronn, 2003) . Several thousand years back, the uniqueness of cotton fibers discovered by native people made them helpful for textiles and other applications. Consequently, cotton cultivation became increasingly renowned, such that over the millennia, cotton became firmly established as the world's *Corresponding author. E-mail: sami_1167pbg@yahoo.com. (Wendel and Cronn, 2003; Rahman et al., 2012) . Development of modern cultivars in upland cotton is limited due to narrow genetic base Carpenter, 2011) . The lack of genetic diversity in cotton is concerned with the slowing of progress in developing new cotton cultivars with improved yield and quality potential, as well as stress resistance (Esmail et al., 2008) . Genetic diversity of cotton cultivars can be effectively evaluated by molecular markers and the study provides useful information on the selection of parents in the development of cotton cultivars and hybrids as well (Wu et al., 2006; Ullah et al., 2012) . Advances in DNA marker technology were the keys to the emergence of genomics. Simple sequence repeats are short, tandemly repetitive DNA sequences that comprises two to six nucleotide core units (Litt and Lutty, 1989; Dongre and Parkhi, 2005) . A PCR-based co-dominant, multi allelic, genetic marker system can be based on these sequences (Preetha and Raveendren, 2008; Yonca et al., 2011) .
This study was primarily aimed to show the genetic diversity in a set of cotton genotypes with the following specific objectives: (i) To check polymorphism among cotton genotypes through SSR marker system; (ii) To determine distance and relatedness among cotton genotypes using DNA markers; (iii) To construct the dendrogram for determination of phylogenetic relationships.
MATERIALS AND METHODS

Plant material
The present study was conducted at Biotechnology Laboratory, Agricultural Biotechnology Research Institute, AARI Faisalabad. For this study, 31 SSR markers were surveyed on 20 cotton genotypes. Plant material for this study was collected from different sources mentioned in Table 1 . After tagging of samples, leaves were washed with distilled water and transported in liquid nitrogen to the ABRI, Faisalabad and were kept in -80°C freezer to avoiding degradation of leaf samples. DNA was extracted by CTAB method from the fresh leaves (Iqbal et al., 1997) . Then quantification of DNA was done using software (NanoDrop-1000 3.3.1). 50 ng DNA was used to check the quality of DNA by running on 0.8% agarose gel and then absorbance ratio was calculated at 260/280 on spectrophotometer.
Microsatellite markers and amplifications
In the present research, 31 SSR markers of BNL series were employed on 20 cotton genotypes. Amplification carried out in 20 µl of reaction mixture consisting of 2 µl DNA at a concentration of 30 ng/µl DNA template, 2 µl of 10× PCR buffer, 4.5 µl of 0.2 mMdNTPs, 2 µl of 50 mM MgCl2 and 1.5 µl of 30 ng/µl of each forward and reverse primer. The amplification was done in Eppendrof thermocycler consisting of initial denaturation step of 5 min at 94°C afterward 35 cycles of 30 s at 94°C for DNA denaturing, 30 s for annealing at 55°C, and 1 min for DNA extention at 72°C with a final extention for 10 min at 72°C.
The amplified fragments were separated electrophoretically using a denaturing 3% agarose gel and also by polyacrylamide gel. The ethidium bromide (0.5 mg/mL) was used to stain the gel for about 30 min. A 100 bp DNA ladder was spotted on first well with an amount of 5 µl as a fragment length standard and in the remaining wells, about 10 µl of each sample was loaded and photographed under ultraviolet light.
Fragment length was determined graphically by comparison with the DNA ladder. After taking the snap, data was scored as 0 for dearth of band and 1 for presence of band. Genetic similarity coefficients were calculated based on Nei and Lei (1979) coefficient using numerical taxonomy multivariate analysis system (NTSYSpc) version 2.2 software package. The unweighted pair group method of arithmetic means (UPGMA) was used to construct the dendrogram.
RESULTS
Polymorphism revealed by SSR
The 20 cotton genotypes were amplified by 31 BNL series of SSR markers. Out of these 31 SSR primers, seven were found informative revealing an average poly- morphism rate of 41%. The 17 loci were found informative from a total of 41 amplified ones on an average of 1.3 loci per primer. Molecular size informative fragments of all primers ranged from 80 to 340 bp. The polymorphic SSR markers were BNL-193 (Figure 1) , BNL-226, BNL-530, BNL-1047, BNL-1064, BNL-1061 and BNL-150 ( Figure 2 ) listed in Table 2 .
Nei and Lei (1979) coefficient method was used to generate similarity matrix (Table 3 ). 42 to 97% similarity was speckled between genotypes through pair wise combinations and 97% similarity has been observed between genotypes MNH-147 and GOHAR-87. The genotypes CIM-443 and FVH-53 showed 97% similarity. CIM-448 and FH-634 also showed low dissimilarity of 5% whereas only 8% diversity was found between (MNH-147, RH-1), (MNH-147, CIM-109).
The genotypes CIM-1100 and BH-136 were found most dissimilar with the dissimilarity coefficient of 58% followed by CIM-1100 and CIM-70 with the dissimilarity coefficient of 53%. The average similarity among 20 cotton genotypes was 79%.
Ijaz et al. 51 A dendrogram was constructed for 20 cotton genotypes using UPGMA method (Liu et al., 2005) by data generated of 41 SSR loci (Figure 3) . The ensuing dendrogram grouped the genotypes into eight main clusters namely, A, B, C, D, E, F, G and H. Group A comprised of three genotypes including GP-319, CIM-70 and FH-87. The group A was further subdivided into two subgroups A1 and A2. The A1 subgroup contains two genotypes, that is, GP-319 and CIM-70 whereas, FH-87 was in group A2. Group B was the largest one comprising 10 genotypes . Group B is further subdivided in two groups, that is, B1 and B2. B1 includes GOHAR-87, MNH-147, RH-1 and CIM-109, whereas CIM-240, S-14, FH-634, CIM-448, FVH-53 and CIM-443 clustered in B2 group. Group E had two genotypes, that is, SLS-1 and KARAS-HS. Group C, D, F, G and H contains single genotype each, that is, CIM-446, MNH-339, S-12, BH-136 and CIM-1100, respectively. The similarity between genotypes varied with a range of 55 to 98% (Figure 3) .
DISCUSSION
A number of DNA markers have been used to study the extent of genetic variation in a number of crops and differ mainly in their principles and engender varying amounts of data. The present study was designed to explore genetic diversity among the cotton genotypes using SSR markers.
In the present study, 31 primers were used to check polymorphism among 20 cotton genotypes. Out of 31 The 41% polymorphism of current results showed reasonable genetic diversity among cotton genotypes and the results were according to Abdalla et al. (2001) , Van Esbroeck et al. (1998) and Sapkal et al. (2011) reported the limited genetic variations in cotton. However, Guang and Xiong-Ming (2006) reported higher polymorphism (80%) among the cotton genotypes. According to Li et al. (2008) , the genetic diversity is higher in cotton genotypes through SSRs. According to Rehmanet al. (2009) , the cotton germplasm has tapered genetic base therefore to evolve the varieties with promising characters, it is strongly required to expand the genetic base of cotton germplasm.
The results of present study are according to the results of Brubaker (1993), Tatineniet al. (1996) . Similarly, Iqbal et al. (1997) concluded that the cultivated upland cotton G. hirsutumhad narrow genetic diversity. The present results are also in accordance with the findings of Lacape et al. (2003) , Iqbal et al. (2001) and Dongreet al. (2007) who found lack of genetic diversity in cultivated cotton genotypes. Narrow genetic base in cotton resulted in the presence of low genetic diversity (Liu et al., 2000) .
For the economic and quality traits, extensive selection is one of the major reasons for low genetic diversity in modern crop cultivars. Dissimilar to crop plants, tree species, specifically propagated by vegetative means do not undergo hybridization and extensive selection thus during the course of progress, the genetic resources are more conserved. The result obtained on genetic relatedness will be helpful in further breeding of cotton cultivars, the selection of parents for crossing and will also be helpful in widening the genetic bases of breeding materials.
